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[57] ‘ABSTRACT 
A method of cleaning an image retainer by removing 
remaining toner particles from the retainer after trans 
ferring a multi-color toner image which is obtained by a 
multi-color toner image forming process wherein 
charging, image writing-in, and developing steps are 
repeated at least twice, abutting a cleaning member 
against the retainer after a final image writing-in step of 
the image forming process has been completed, and 
releasing the cleaning member from abutment after the 
cleaning has been completed but not during the image 
writing-in step for forming a next multi-color toner 
image. 

13 Claims, 11 Drawing Sheets 
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METHOD OF CLEANING AN IMAGE RETAINER 

This application is a continuation of application Ser. 
No. 082,935, ?led Aug. 5, 1987, now abandoned, which 
in turn is a division of application Ser. No. 823,407, ?led 
Jan. 28, 1986, now abandoned. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to an image forming 

apparatus. 
2. Description of the Prior Art 
In the prior art, in order to form a multi-color image 

by the electrophotography, for example, a series of 
copying steps of charge, exposure, development and 
transfer are repeated for each color component to trans 
fer toner images in individual colors onto a copy paper 
in a superposed manner. For example, electrostatic 
latent images are formed separately at the respective 
steps by separated colors such as blue, green and red 
separated through a color separation ?lter and are de 
veloped in Yellow, Magenta and Cyan and, if necessary, 
black toner to form toner images. These toner images 
are laminated on and transferred to a recording paper to 
form the multi-color image. In this multi-color forming 
method, however, there arise dif?culties: (l) a transfer 
to a transfer member becomes necessary at the end of 
development of each color to enlarge the size of ma 
chinery and to elongate the time period for the image‘ 
formation; and (2) warranty for precision against failure 
of registration due to the repeated operations becomes 
necessary. 

Therefore, there has been proposed a multi-color 
image forming method for eliminating those dif?culties 
by developing a plurality of toner images on a common 
photosensitive member in a superposed manner to re 
duce the transfer steps to one. However, this method is 
also encountered by a trouble that a toner image ob 
tained at a previous developing step is disturbed at a 
subsequent developing step or that toner in a developer 
at a preceding step is mixed with a developer at a suc 
ceeding step to disturb the color balance of the multi 
color image. 

In order to avoid this trouble, there has also been 
developed a method for forming a multi-color image by 
adopting a method in which a bias having a superposed 
a.c. component is applied to a developing device at 
second or later developments to ?y toner onto an elec 
trostatic latent image formed on a photosensitive mem 
ber. According to this method, the developer layer will 
not rub the toner image or images formed at the preced 
ing step so that no image disturbance will occur. 
The principle of this image forming method will be 

described in the following with reference to the ?ow 
chart of FIG. 4. FIG. 4 shows changes in the surface 
potential of the photosensitive member and takes up a 
case in which the charge polarity is positive. Reference 
letters PH indicate an exposed portion of the photosen~ 
sitive member; letters DA an unexposed portion of the 
photosensitive member; and letters DUP the rise of 
potential, which is caused as -a result that positively 
charged toner T sticks to the exposed portion PH at a 
?rst development. 
The photosensitive member turning at a constant 

speed is charged evenly by a scorotron charger to have 
a constant positive surface potential E, as shown in (a). 
Next, a ?rst image exposure is effected by means of an 
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2 
exposing source such as a laser, a cathode ray tube or an 
LED so that the potential of the exposed portion PH 
drops, as shown in (b), in accordance with the quantity 
of light. An electrostatic latent image thus formed is 
developed by means ofa developing device to which is 
applied a positive bias substantially equal to the surface 
potential E of the unexposed portion. As a result, as 
shown in (c), the positively charged toner T sticks to 
the exposure portion having a lower potential to form 
the ?rst toner image T. The region formed with that 
toner image has the potential rise DUP as‘ a result of the 
stick of the positively charged toner T, but will not 
have the same potential as that of the unexposed portion 
DA. Next, the photosensitive member surface formed 
with the ?rst toner image is subjected to a second 
charge by a charger so that it takes the uniform surface 
potential E despite whether the toner T is present or 
absent. This is shown in (d). The surface of that photo 
sensitive member is subjected to a second image expo 
sure to form an electrostatic latent image (as shown in 
(e)), and a positively charged toner image T’ in a color 
different from that of the toner T is developed like the 
step (c) to form a second toner image. This is shown in 
(f). The process thus far described is repeated to form a 
multi-color toner image on the photosensitive member. 
The multi-color toner image is transferred onto a sheet 
of recording paper, and it is further heated and pressed 
for ?xing to obtain a multi-color recorded image. In this 
case, the photosensitive member is cleaned through 
cleaning of the toner and charges having remained on 
its surface and is used for forming a next multi-color 
image. On the other hand, there is another method by 
which a toner image is ?xed on a photosensitive mem 
ber in a different manner. 

In the method described with reference to FIG. 4, it 
is desirable that at least the developing step of (f) be 
conducted such that the developer layer is out of 
contact with the photosensitive member surface. 

Incidentally, in the aforementioned multi-color image 
forming method, in case that charging is repeated each 
time of the image formation, a charge eliminating step 
by a light exposure or a corona discharging may be 
incorporated before the charging step. On the other 
hand, the exposure source for the image exposure may 
be identical or different at each time. _ 

In the aforementioned multi-color image forming 
method, the four color toners, e.g., Yellow, Magenta, 
Cyan and black are frequently superposed on the photo 
sensitive member for the following reason. According 
to the color subtractive principle, a black image must be 
formed by superposing the three primaries, i.e., Yellow, 
Magenta and Cyan. However, since the practical toners 
for the three primaries do not have ideal absorptive 
wavelength ranges and since the toner images in the 
three primaries will come out of registration, those 
three primary toners will ?nd it dif?cult to reproduce 
the clear black color required for letters or lines, and in 
addition the color image is liable to come short of den 
sity. As has been described above, therefore, the multi 
color image is formed in the four colors composed of 
the black in addition to the three primaries. 
As the latent image forming method for forming the 

multi-color image, there can be used in addition to the 
aforementioned electrophotographic method a method, 
in which charges are implanted directly into an image 
forming member by means of a multi-styrus electrode to 
form an electrostatic latent image, or a method in which 
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a magnetic latent image is formed by means of a mag 
netic head. ' 

In case various colors are to be reproduced by the 
aforementioned methods, there are the following two 
systems: 
(l) a system in which toners in different colors are not 

superposed directly; and 
(2) a system in which the different-color toners are 

superposed. 
According to the former system (1), as shown in FIG. 
14(A), a color reproduction is falsely effected on the 
recording paper by distributing toners T1 and T2 in a 
non-superposed manner on an image retainer. Accord 
ing to the latter system (2), the color reproduction is 
effected by developing on a toner image in a certain 
color a toner in different color in a superposed manner. 

Incidentally, in the case of the electrophotographic 
method, for example, according to the system (2), the 
light is absorbed by the previously developed toner T to 
fail to reach the photosensitive layer of the image re 
tainer sufficiently so that the latent image is not formed 
completely. This invites a tendency that the sticking 
amount of the later developed toner T2 becomes less, as 
shown in FIG. 15 or FIG. 16. According to the system 
(1), on the other hand, it is necessary to register the 
image exposures so strictly that the toner images in the 
individual colors are not registered in identical positions 
with one another. If the positioning of the image expo 
sure is imprecise, as shown in FIG. 14(B), the tendency 
is that the toner image T1 at the preceding step will 
shield a portion of the image exposure so that the stick 
ing amount of the toner image T2 to be developedat the 
succeeding step will become short, as shown in FIG. 
14(C). These tendencies indicate that the recording 
characteristics will become different in dependence 
upon the spectroscopic sensitivity of the image retainer, 
the spectroscopic characteristics of the light source for 
the image exposure, the spectroscopic transmissivity 
characteristics of the toners, and the order of the colors 
to be developed. 

Incidentally, in the state that the image is formed on 
the recording paper in the aforementioned manner, the 
toners having failed to be transferred to the recording 
paper are left on the image retainer (or the photosensi 
tive member), and this photosensitive member has to be 
cleaned because those residual toners obstruct the for 
mation of a next image. This cleaning is effected, as will 
be described hereinafter, by the method in which a 
blade and/or a fur brush is brought into abutment 
against the photosensitive member to scrape off the 
residual toners left on the photosensitive member. 

This cleaning exerts a serious influence upon the 
turning velocity of the photosensitive member. If the 
blade or the fur brush is brought into abutment against 
the photosensitive member, more speci?cally, it acts as 
it were a brake to fluctuate the turning velocity of the 
photosensitive member although slightly. If the blade or 
the fur brush in that abutting state is brought away from 
the photosensitive member, on the other hand, the turn 
ing velocity of the photosensitive member is also ?uctu 
ated. 

Especially if the r.p.m. of the photosensitive member 
changes even slightly when the latent images are to be 
formed, the images obtained have their individual col 
ors misregistered. 

In the cleaning device to be used in the color image 
forming apparatus, moreover, the operations of bring 
ing the blade member into and out of abutment are 
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4 
conducted for the turning period of the image retainer 
so that the turning velocity of the image retainer is 
fluctuated to some extent by the frictional resistance 
resulting from that abutment. As a result, if the blade 
member is brought into or out of the abutment espe 
cially while a latent image is being formed on the image 
retaining surface by an exposure, the circumferential 
speed ofthe image retaining surface may be changed to 
cause disturbances due to the discontinuity of the image 
scanning thereby to deteriorate the image quality. 

SUMMARY OF THE INVENTION 

The present invention has been conceived in view of 
the background described above and has an object to 
provide an image forming apparatus which is freed 
from any fear of the aforementioned misregistration in 
the recorded image obtained and which can be expected 
to have an ef?cient image formation. 
Another object of the present invention is to provide 

a color image forming apparatus which prevents the 
turning velocity of an image retainer from being fluctu 
ated while a latent image is being formed by an expo 
sure so that a color image of excellent quality can be 
copied without any disturbance of the original image. 
According to the present invention, more speci? 

cally, there is provided an image forming apparatus for 
repeating the steps of writing an image on an image 
retainer and forming a toner image subsequent to said 
image writing step, which apparatus is characterized in 
that the starts of bringing a cleaning member into and 
out of abutment against said image retainer are con 
ducted at the time other than at least the time of said 
image writing step. 
The order of the respective steps for forming the 

recorded image, which are in?uenced by the changes in 
the turning velocity of the image retainer (or the photo 
sensitive member) is the step of forming the latent image 
(especially the step of writing the image), the develop 
ing step (i.e., the step of forming the toner image), and 
the charging step. The transferring step is only slightly 
or not influenced, and the fixing step is not influenced at 
all. 
The latent image formation will be described in the 

following. The human eye is sensitive to the relative 
position precision, especially the precision of primary 
and secondary derivatives. In a laser printer, too, the 
positional precision has to be one several-th, desirably 
one tenth or lower of the dot pitch. According to the 
experiments, the positional precision has to be held 
within :13 pm for a dot pitch of 8 dots/mm, :8 pm 
for 12 dots/mm, and within :6 pm for 16 dots/mm. If 
the turning velocity of the photosensitive member 
changes during the latent image formation, the failure of 
registration occurs for each color of the superposed 
toner images, and this misregistration, even if small, is 
visually recognized. This makes it necessary to hold the 
turning velocity of the photosensitive member during 
the latent image formation highly accurately at a con 
stant value. 
The development will be described in the following. 

The procedure of forming the toner image on the latent 
image is not in an equilibrium state so that the density of 
the toner image is inversely proportional to the circum' 
ferential velocity of the photosensitive member. As a 
result, the density of the recorded image obtained will 
change if the turning velocity of the photosensitive 
member changes. 
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The charge will be described in the following. This 
charge is not effected in the equilibrium state like the 
aforementioned development, but the dependency of 
the charge potential upon the charge time period can be 
substantially eliminated in dependence upon the struc 
ture of the charger by using the corona discharger hav 
ing an a.c. component or the scorotron charger, for 
example. In case the development is conducted in the 
reversal manner, moreover, the difference between the 
potential of the exposed portion and the developing bias 
potential leads to the latent image contrast so that the 
in?uence of the changes in the charge potential upon 
the latent image is reluctant to occur. 
For the transfer, the corona transfer is little depen 

dent upon the velocity, and the recording paper is 
moved to follow the photosensitive member by the 
corona discharge so that it follows the changes in the 
rpm. of the photosensitive member. The transfer roller 
and the adhesive roller may follow the photosensitive 
member. 
The ?xing has no relationship to the toner image 

formation. 
For the aforementioned reason, in order to maintain 

the positional precision of the latent image, the abut 
ment of the cleaning member against the photosensitive 
member, which will change the turning velocity of the 
photosensitive member, is neither effected nor released 
upon at least the latent image formation (especially in 
the image writing). At the instant when the latent image 
formation is ended (i.e., when the trailing end of the 
latent image is positioned in the latent-image formed 
portion), the cleaning member comes into abutment 
against the photosensitive member. Especially if the 
arrangement of the latent image forming means and the 
cleaning member is made such that the cleaning mem 
ber is disposed slightly in front of the position to which 
the leading end of the latent image comes at the end of 
the formation (i.e., in which the leading end of the toner 
left on the photosensitive member is positioned after the 
transfer),- the cleaning member can be brought into 
abutment against the photosensitive member to conduct 
its cleaning action effectively after the end of the forma 
tion of the last latent image and before the residual toner 
reaches the cleaning member. After the end of the 
cleaning action, the aforementioned abutment of the 
cleaning member is released, and the formation of the 
latent image for a subsequent image forming process is 
successively started. 

In order to prevent an unevenness in the density of 
the toner image, moreover, it is desirable to bring the 
cleaning member into abutment against the photosensi 
tive member after the end of the last development. In 
order to prevent an unevenness of the charge potential, 
still moreover, it is more desirable to_ complete the re’ 
lease of the abutment of the cleaning member against 
the photosensitive member in the preceding image 
forming process before the start of the charge. lnthese 
cases, the disposition of the cleaning member may desir 
ably be determined in accordance with the aforemen 
tioned concept. 

Other objects and features of the present invention 
will be made apparent from the following description 
taken with reference to the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1 and 5 are schematic views showing an essen 
tial portion of an image forming apparatus according to 
the present invention; ‘ 
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6 
FIG. 2 is a schematic view showing an essential por 

tion of a laser beam scanner; 
FIG. 3 is a sectional view showing a developing 

device; 
FIGS. 4. 9 and 11 are ?ow charts showing image 

forming processes; 
FIG. 6 is a sectional view showing one example ofthe 

structure of an image retainer; 
FIG. 7 is a charge state changing diagram showing 

one example of an electrostatic image forming process 
schematically; ' 

FIG. 8 is a chart showing the potential changes in a 
surface portion of the image retainer in a manner to 
correspond to FIG. 7; 
FIGS. 10, 12 and 13 are timing charts showing the 

operations of the individual portions of the image form 
ing apparatus; 
FIGS. 14(A), 14(B) and 14(C) are sectional views 

showing the toner sticking situations in the respective 
image forming operations of the prior art; 
FIGS. 15 and 16 are sectional views showing other 

toner sticking situations of the prior art; 
FIG. 17 is a sectional view showing the structure of 

a color image forming apparatus to which the present 
invention is applied; 

FIG. 18 is a view showing an essential portion of the 
same; 
FIGS. 19a-19h and 20i—20n are diagrams showing 

the individual image forming steps according to the 
present invention; and 
FIG. 21 is a time chart of the image forming steps of 

FIGS. 19 and 20. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Embodiment 1 

FIG. 1 is a schematic view showing the structure of 
one example of an image forming apparatus based on 
the present invention; FIG. 2 is a schematic view show 
ing the structure of a laser beam scanner for image 
exposure; FIG. 3 is a partially sectional view showing 
one embodiment of a developing device; and FIG. 4 is 
a flow chart for practising that example. 

In the image forming apparatus of FIG. 1: reference 
numeral 1 indicates a drum-shaped image retainer hav 
ing a surface layer of a photoconductive and photosen 
sitive material such as Se and made rotatable in the 
direction of arrow; numeral 2 a charger for charging the 
surface of the image retainer 1 evenly; numeral 4 an 
image exposing light in each color for each color image; 
numerals 5 to 8 developing devices using as developing 
toners in different colors such as Yellow, Magenta, 
Cyan and black; numerals 9 and 10 a pretransfer charger 
and a pretransfer exposing lamp disposed, if necessary, 
for making it easy to transfer the color images, which 
are formed on the image retainer 1 with a plurality of 
superposed color toner images, to a recording member 
P; numeral 11 a transfer device; numeral 12 is a ?xing 
device for ?xing the toner images transferred to the 
recording member P; numeral 13 is a charge eliminating 
device composed of a charge eliminating lamp and/or a 
charge eliminating discharger; and numeral 14 is a 
cleaning device having a cleaning blade 14a and a fur 
brush 14b for coming into contact with the surface of 
the image retainer 1, which has a color image trans 
ferred thereto, to remove the toners left on the surface 
and for leaving the surface of the image retainer 1 by the 
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time it is reached by the surface having been subjected 
to the ?rst development. ‘ 

The cleaning device 14 is so disposed that it is posi 
tioned 10 cm in front of the leading end ofa latent image 
at the instant when the trailing end of the latent image 
is positioned to be exposed to the light 4. 

Here, the charger 2 is preferably exempli?ed by the 
shown scorotron corona discharger which is less in?u 
enced by the preceding charge so that it can effect a 
stable charge, especially if it is intended to charge that 
surface of the image retainer 1, which has already been 
charged. If the drum-shaped image retainer 1 is used, as 
in this image forming apparatus, moreover, the image 
exposing light 4 may be prepared by ?ltering the slit 
light as of the ordinary monocolor electrographic copy 
ing machine separately for colors by means of a ?lter, 
but is preferably prepared by the laser beam scanner 
shown in FIG. 2 so as to record a clear color image. 
The laser beam scanner of FIG. 2 operates to turn on 

and off the laser beam, which is emitted from a laser 21 
such as a He-Ne laser, by means of an acoustic-optical 
modulator 22, to de?ect the modulated laser beam by 
means of a mirror scanner 23 constructed of a rotary 
polygonal or octahedral mirror, and to form the de~ 
?ected laser beam through a focusing f-O lens 24 into 
the image exposing light 4 for scanning the surface of 
the image retainer 1 at a constant rate. Incidentally, 
reference numerals 25 and 26 indicate mirrors, and nu 
meral 27 indicates a lens for enlarging the diameter of 
the beam incident upon the focusing f-O lens 24 so as to 
reduce the diameter of the beam on the image retainer 1. 
If the laser beam scanner shown in FIG. 2 is used for 
forming the image exposing light 4, electrostatic images 
in different colors can be easily formed with a shift, as 
will be described hereinafter, so that a clear color image 
can be recorded. Despite of this fact, however, the 
image exposing light 4 should be limited to neither the 
aforementioned slitted light nor the dotted light result 
ing from the laser beam but may be prepared by means 
of an LED, a CRT, a liquid crystal or an optical ?ber 
transmission element. In the recording apparatus in 
which the image retainer can take a flat state such as a 
belt shape, moreover, the image exposing light may be 
a ?ash light. 
On the other hand, the developing devices 5 to 8 to be 

used may preferably have the structure shown in FIG. 

In FIG. 3: reference numeral 31 indicates a develop 
ing sleeve made of a non-magnetic material such as 
aluminum or stainless steel; numeral 32 a magnet 
mounted in the developing sleeve 31 and having a plu 
rality of magnetic poles in the circumferential direction; 
numeral 33 a layer thickness regulating blade for regu 
lating the thickness of the developer layer to be formed 
on the developing sleeve 31; numeral 34 a scraper blade 
for removing the developing layer after the develop 
ment from the developing sleeve 31; numeral 35 an 
agitating rotary member for agitating the developer in a 
developer reservoir 36; numeral 37 a toner hopper; 
numeral 38 a toner supply roller having its surface re 
cessed for entry of the toner to supply the toner from 
the toner hopper 37 to the developer reservoir 36; and 
numeral 39 is a power supply for applying a bias voltage 
containing an oscillating voltage component, as the case 
may be, to the developing sleeve 31 through a protect 
ing resistor 40 thereby to generate an electric ?eld for 
controlling the migrations of the toner between the 
developing Sleeve 31 and the image retainer 1. In FIG. 
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3, the developing sleeve 31 and the magnet 32 are 
adapted to turn in the directions of arrows, but either 
the developing sleeve 31 or the magnet may be made 
stationary, or the developing sleeve 31 and the magnet 
32 may turn in an identical direction. In case the magnet 
32 is ?xed, in order to made the density of the magnetic 
flux of the magnetic pole facing the image retainer 
higher than those of the remaining magnetic poles, it is 
an ordinary practice to strengthen the magnetization or 
to dispose two magnetic poles of identical or opposite 
pole in the vicinity of the portion facing the image 
retainer 1. 

In the developing device thus constructed, the mag 
netic poles of the magnet 32 are ordinarily magnetized 
to have a density of magnetic flux of 500 to 1,500 
Gausses thereby to attract the developer of the devel 
oper reservoir 36 onto the surface of the developing 
sleeve 31 by the resultant magnetic force. The devel 
oper attracted has its thickness regulated by the layer 
thickness regulating’blade 33 to form the developer 
layer. This developer layer is moved in the direction 
identical (as shown) or opposed to the turning arrow 
direction of the image retainer 1 to develop an electro 
static image of the image retainer 1 in the developing 
area, in which the surface of the developing sleeve 31 
faces the surface of the image retainer 1, whereas the 
remainder is scraped away from the surface of the de 
veloping sleeve 31 by the scraper blade 34 and it is 
returned to the developer reservoir 36. Moreover, at 
least the second and subsequent developments to be 
repeated for superposing the color toner images are 
preferably conducted under the non-contact jumping 
condition'so that the toner having sticked to the image 
retainer 1 as a result of the preceding development may 
not be misregistered by the suceeding development or 
developments. FIG. 3 shows the state in which the 
development is conducted under that non~contact 
jumping condition. 

Still moreover, the developing devices 5 to 8 may 
preferably use the so-called "two-component devel 
oper” which is such a mixture of a non-magnetic toner 
and a magnetic carrier that the toner need not contain a 
black or brown magnetic material so that it can have a 
clear color and can have its charge control facilitated. 
Especially, the magnetic carrier may preferably be such 
an insulating carrier having a resistivity not less than 
108 11cm or, preferably 1013 Qcm as is prepared either 
by dispersing ?ne particles of a ferromagnetic or para 
magnetic material such as ferrosoferic oxide, 'y-ferric 
oxide, chromium dioxide, manganese oxide, ferrite or 
manganese-copper alloy into a resin such as styrene 
resin, vinyl resin, etyl resin, rosin-modi?ed resin, acrylic 
resin, polyamide resin, epoxy resin or polyester resin or 
by coating the particles of those magnetic materials 
with the above-speci?ed resins. If that resistivity is low, 
there arise a problem that charges are implanted into the 
carrier particles to make it liable for the carrier particles 
to stick to the surface of the image retainer 1 or that the 
bias voltage is not applied suf?ciently, even in case the 
bias voltage is applied to the developing sleeve 31. Es 
pecially the carriers sticking to the image retainer 1 will 
adversely affect the color tone of the color image. 

Incidentally, the resistivity is a value which is ob 
tained by tapping the particles in a container having a 
sectional area of 0.50 cmz, by applying a load of l 
kg/cm2 to the tapped particles, and by reading out a 
current value when a voltage to establish an electric 
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?eld of 1,000 V/cm is applied between an electrode 
acting as a loading member and a' bottom electrode. 
On the other hand, the carrier is preferred to have an 

average particle diameter not smaller 5 pm and not 
larger 50 um, because it has tendencies to have its mag 
netization excessively weakened for an average particle 
diameter smaller than 5 pm and not to have an image 
improved but to become liable to be subjected to a 
breakdown or discharge for an average particle diame 
ter larger than 50 um so that a high voltage cannot be 
applied. 
The toner is preferably prepared to have an average 

particle diameter of l to 20 um and an average quantity 
of charge of 3 to 300 uc/g, especially 10 to 100 pc/ g by 
adding a variety of pigments and a charge controlling 
agent, if necessary, to a resin. The toner becomes reluc 
tant to leave the carrier, if its average particle diameter 
becomes smaller than 1 pm, and degrades the resolution 
of an image if the same exceeds 20 pm. A ?uidizing 
agent such as hydrophobic silica, if necessary, is suit 
ably added as an additive to the toner. 

If the developer thus made of a mixture of the insulat 
ing carrier and the toner is used, the bias voltage to be 
applied to the developing sleeve 31 of FIG. 3 can be so 
easily set without any leakage that the toner suf?ciently 
sticks to the electrostatic image without any fog. Inci 
dentally, in order to make more effective the develop 
ing mobility control of the toner by the application of 
that bias voltage, the toner may be made to contain such 
a magnetic material within a range not to deteriorate the 
visibility of the color as is used in the magnetic carrier. 
Although the foregoing is the construction of the 

developing device and the composition of the devel 
oper to be preferably used in the apparatus of the pres 
ent invention, the present invention should not be lim 
ited thereto but may use the developing device and the 
developer, which are disclosed in Japanese Patent Laid 
Open Nos. 50 - 30537, 55 - 18656 to 18659, and 56 - 

144452. Despite of this fact, it is recommended that the 
apparatus of the present invention resorts to the non 
contact jumping developing condition using the two 
component developer. 
Bythe apparatus thus far described, the present in 

vention can be practised for the image formation shown 
in FIG. 4. Incidentally, FIG. 4 shows the step at which 
the development of FIG. 2 has been carried out. 

' FIG. 4 shows the embodiment of the present inven 
tion, in which an electrostatic image is formed by the 
electrostatic image forming’method using the exposed 
portion PH as the electrostatic image and the unexposed 
portion DA as the background, as has been described 
hereinbefore, and in which the development is con 
ducted by using the toner which is charged with the 
same polarity as that of the background. According to 
the recording apparatus of FIG. 1, the surface of the 
image retainer 1 in the initial state, which has its charge 
eliminated by the charge eliminating device 13 and 
cleaned by the cleaning device 14 to have a zero poten 
tial, is subjected uniformly to a ?rst charge during its 
?rst turn by the charger 2. The charged surface is sub 
jected to a ?rst image exposure by the image exposing 
light 4 in each color so that the potential of its electro 
static image portion is dropped substantially to zero. 
The resultant electrostatic latent image is subjected to a 
?rst development by means of such one of the develop 
ing devices 5 to 8 as uses a developer containing the 
color toner corresponding to that image exposing light 
4. Since the potential of the electrostatic image having 
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10 
risen by the toner T having sticked thereto is still lower 
than the background potential, the once developed 
electrostatic image is subjected again uniformly to a 
second charge (which may be conducted after the sur 
face potential of the image retainer 1 has been reduced 
to zero by eliminating the uniformly by means of the 
charge eliminating device 13 (or by means of only the 
charge eliminating lamp)) during the second turn of the 
image retainer 1. The surface thus charged is subjected 
to a second image exposure with the image exposing 
light 4 in a color different from the aforementioned one 
so that the potential of the electrostatic image portion is 
dropped substantially to zero. The electrostatic layer 
thus obtained is subjected to a second development with 
a toner T’ by another developing device using a devel 
oper containing a color toner corresponding thereto. 
Likewise, third and fourth electrostatic image forma 
tions and developments are repeated. When the fourth 
development is conducted to form a color image on 
which the color toner images are superposed, the pre’ 
transfer charger 9 and the pretransfer exposing lamp 10 
are operated until that color image has passed. Next, the 
color image is transferred by the transfer device 11 to 
the recording member P which is fed in synchronism 
with the turns of the image retainer 1. The color image 
thus transferred is ?xed on the recording member P by 
the ?xing device 12. The surface of the image retainer 1 
having the color image transferred thereto has its 
charges eliminated by the charge eliminating device 13 
and is cleaned by the cleaning device 14 until it restores 
its initial state. Thus, one cycle of the color image re 
cording operation is completed according to the present 
invention. 

This cleaning operation is conducted to control the 
cleaning device 14 such that the cleaning device 14 is 
actuated (namely, the cleaning blade 14a and the fur 
brush 14b are brought into abutment against the image 
retainer 1) after the end of the fourth latent image for 
mation and before the leading end of the toner left on 
the image retainer 1 reaches the cleaning blade 14a, and 
such that the cleaning device 14 is released (namely, the 
cleaning blade 14a and the fur brush 14b are brought 
away from the image retainer 1) at the instant when the 
trailing end of the aforementioned residual toner passes 
the fur brush 14b. On the other hand, the laser beam 
scanner of FIG. 2 is so controlled that the ?rst latent 
image formation in the next image process is started 
immediately after the release of the aforementioned 
cleaning device 14. 
Each charge for the electrostatic image formation is 

carried out by the charger 2, and the image exposure is 
carried out, for example, either by an identical slit ex 
posing device equipped with ?lter switching means or 
by an identical exposing device constructed of the laser 
beam scanner of FIG. 2. As a result, a different image 
exposing device is not required for each electrostatic 
image formation so that the recording apparatus can be 
made in a small size and at a reasonable cost while sim 
plifying the synchronous control of each electrostatic 
latent image formation. Incidentally, it is possible to 
omit the charge elimination between the preceding 
development and the succeeding charge by the charge 
eliminating device 13. 

Incidentally, in order to avoid the color mixing, it is 
advisable to set the dc. biases for the developments 
sequentially at higher levels for the later developments 
or to reduce the amplitude of the ac component. It is 
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also advisable to set the charge potentials sequentially at 
high levels in a corresponding manner. ' 
The detail of the image forming conditions in the 

present embodiment will be described in the following. 
The image retainer 1 had a surface layer of a photo 

sensitive material such as CdS and a circumferential 
speed of 180 mm/sec. The surface of this image retainer 
1 was charged to — 500 V by means ofthe charger using 
the scorotron corona discharger, and the charged sur 
face was exposed to the laser corresponding to the blue 
component of the image. As a result, the image retainer 
1 was formed with the background in which the unex 
posed portion had a potential of —500 V whereas the 
exposed portion PH had an electrostatic image potential 
of —50 V. The electrostatic image thus formed was 
subjected to the first development by means of the de 
veloper 5 shown in FIG. 3. 
The developer 5 used the developer, which is com 

posed of: a carrier prepared by dispersing 50 wt % of 
magnetite into a resin to have an average particle diame 
ter of 20 pm, a magnetization of 30 emu/g and a resis 
tivity of l0l4 Qcm or more; and a negatively charged 
non-magnetic toner prepared by adding 10 wt parts of 
benzidine derivative as the Yellow pigment and another 
charge control agent to styrene-acrylic resin to have an 
average particle diameter of 10 pm, under the condition 
in which the ratio of the toner to the carrier was 25 wt 
%. Moreover: the developing sleeve 31 had an external 
diameter of 30 mm and a number of revolutions of 100 
r.p.m.; the magnet 32 had its N and S poles of a density 
of magnetic flux of 1,000 Gausses and a number of revo 
lutions of 1,000 r.p.m.; the developer layer in the devel 
oping area had a thickness of 0.7 mm; the gap between 
the developing sleeve 31 and the image retainer 1 was 
0.8 mm; and the non-contact jumping developing condi 
tion for applying a superposed voltage of a dc. voltage 
of —400 V and an a.c. voltage of 3 KHZ and 1,000 V 
was resorted to. 
While the electrostatic image was being developed by 

the developing device 5, the other similar developing 
devices 6 to 8 shown in FIG. 3 were maintained in the 
state in which they were not in their developing opera 
tions. This was achieved by isolating the developing 
sleeve 31 from the power supply 39 into a floating state, 
by grounding the same to the earth, or by applying a 
dc. bias voltage in the polarity opposite to that of the 
charge of the toner positively to the developing sleeve, 
and it is the most preferable to apply the dc. bias volt 
age. Like the developing device 5, the developing de 
vices 6 to 8 are developed under the non-contact jump 
ing developing condition, but it is better to remove the 
developer layer on the developing sleeve 31 or to sepa~ 
rate the developing sleeve 31 from the image retainer 1. 
The developing device 6 used the developer having the 
composition, in which the tonner of the developer of 
the developing device 5 was replaced by a toner con 
taining polytungstophosphoric acid as the Magenta 
pigment in place of the Yellow pigment, and the devel 
oping device 7 used the developer having the composi 
tion in which the toner was likewise replaced by a toner 
containing copper phthalocyanine as the cyanogen pig 
ment. . 

It is quite natural that a color toner composed of 
another pigment or dye can be used and that the orders 
of the colors to be developed and the developing de 
vices can be suitably selected. 
The surface of the image retainer 1 having been sub 

jected to the ?rst development was recharged to —600 

25 

40 

45 

55 

65 

12 
V by operating the charge eliminating device 13 and the 
charger 2 (of which the former may be left inoperative). 
The surface thus recharged was subjected to a second 
image exposure with a laser beam corresponding to the 
green component of the image. Next, the surface thus 
exposed was subjected to a second development with 
the Magenta toner by means ofthe developing device 6 
under the non-contact jumping developing condition in 
which a superposed voltage of a d c voltage of —500 V 
and an ac. voltage of3 KHZ and 1,000 V was applied to 
the developing sleeve 31. Likewise, the surface thus 
developed was repeatedly subjected to both a charge by 
the laser beam corresponding to the red component of 
the image and a third development with the cyanogen 
toner by means ofthe developing device 7. Incidentally, 
in the development or developments subsequent to the 
second one, the amplitudes, frequencies, the time selec 
tions and so on of the dc. bias component and the ac. 
component of the voltage to be applied to the develop 
ing sleeve 31 were changed suitably in conformity with 
the changes, developing characteristics and color re 
productivity of the surface potential of the image re 
tainer 1. Especially the sequential rise in the dc. bias 
together with the charge potential is effective for pre 
venting the color mixing of the toners. When the third 
development was conducted to form a four-color image 
on the image retainer 1, this color image was made 
liable to be transferred by the pretransfer charger 9 and 
the pretransfer exposing lamp 10 so that it was trans 
ferred to the recording member P by the transfer device 
11 and was ?xed by the ?xing device 12. The image 
retainer 1 from which the color image was transferred 
had its charge eliminated by the charge eliminating 
device 13 and had its surface cleared of its residual toner 
by the abutment of the cleaning blade 14a and the fur 
brush 14b of the cleaning device 14. The one cycle of 
the color image recording was completed at the instant 
when the surface formed with the color image passed 
the cleaning device 13. 

All the color images thus recorded repeatedly were 
so clear with their respective colors exhibiting suf?cient 
densities that their misregistrations in the individual 
colors could not be recognized with the naked eyes. 

Incidentally, as to the developer to be used in the 
present invention, the carrier and the toner are desired 
to have the following conditions. 

First of all, the carrier will be described. The fact that 
the magnetic carrier particles are rounded improves the 
agitatability of the toner and the carrier and the carria 
bility of the developer and further the charge controlla 
bility of the toner thereby to make it reluctant for the 
toner particles to aggregate with one another and the 
toner particles and the carrier particles to aggregate 
with each other. If the magnetic carrier particles have a 
large average particle diameter in the present invention, 
however, there may arise the problems: (a) Since the 
heads of the magnetic brush to be formed on the devel 
oping sleeve are coarse, the toner image is liable to 
become uneven even if the electrostatic image is devel 
oped while being vibrated by the electric ?eld; and (b) 
Since the toner density at the heads becomes low, the 
development is not effected in a high density. In order 
to solve the problem (a), it is suf?cient to reduce the 
average particle diameter of the carrier particles, and it 
has been found as a result of the experiments that the 
problem solving effect begins to appear with an average 
particle diameter not larger than 50 um and that the 
problem (a) substantially disappears with an average 
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particle diameter not larger than 30 um. Moreover, the 
problem (b) is also eliminated as a result that the toner 
density of the heads are increased to effect the develop 
ment in the high density by making the magnetic carrier 
?ner for the problem (a). With the excessively ?ne car 
rier particles, however, there arise other problems: (c) 
the carrier particles will stick together with the toner 
particles to the surface of the image retainer: and (d) the 
carrier particles become liable to scatter. These phe 
nomena have relations to the intensity of the magnetic 
?eld to act upon the carrier particles and accordingly to 
the intensity of magnetization of the carrier particles. 
According to the experiments, it has been revealed that 
the aforementioned tendencies begin to appear with an 
average carrier particle diameter not larger than 15 um 
and become prominent with an average particle diame 
ter not less than 5 urn. Moreover, the carrier particles 
having sticked to the surface of the image retainer (i.e., 
the photosensitive member) are ordinarily colored 
black and partially emigrate together with the toner 
onto the recording paper or the like to adversely affect 
the color image in a serious manner. 
From the above reasoning, the magnetic carrier is 

preferred to have an average particle diameter not 
larger than 50 pm, more preferably not larger than 30 
um and not smaller than 5 urn, still more preferably not 
smaller than 15 pm under a proper condition and be 
rounded. Incidentally, the above-speci?ed average par 
ticle diameter is the weight-averaged particle diameter 
which was measured with a Coulter counter (which is 
one of the products of the Coulter Electronics, Inc.). 
The magnetic carrier particles thus far described are 

obtained by selecting the particle diameters of such 
particles by the well-known average particle diameter 
selecting means as are prepared: by making ?ne and 
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preferably rounding the particles of a ferromagnetic or ' 
paramagnetic material such as metals such as iron, chro 
mium, nickel or cobalt, or the compound or alloys such 
as ferrosoferric oxide, 'y-ferric oxide, chromium diox 
ide, manganese oxide, ferrite or manganese-copper 
alloy similar to the magnetic carrier particles of the 
prior art as the magnetic material; preferably by coating 
the surfaces of those magnetic material particles with a 
resin such as styrene resin, vinyl resin, etyl resin, rosin 
modi?ed resin, acrylic resin, polyamide resin, epoxy 
resin or polyester resin or fatty acid wax such as palmi 
tic acid or stearic acid; more preferably by pulverizing 
or granulating the particles of a resin or fatty acid was, 
which contained the magnetic ?ne particles in disper 
sion, into round particles. 

Incidentally, as a result that the carrier particles are 
formed to have a round shape by the resin or the like, as 
has been described above, provides in addition to the 
aforementioned effects the effects that the developer 
layer formed on the developing sleeve becomes even 
and that a high bias voltage can be applied to the devel 
oping sleeve. More speci?cally, the fact that the carrier 
particles are rounded by the resin or the like provides 
the effects: (1) the carrier particles are generally liable 
to be magnetized and attracted in their longer axis di 
rection but lose the directivity, if rounded, so that the 
developer layer is formed evenly to prevent the forma 
tion of an area having a locally low resistance and the 
unevenness in the layer thickness; and (2) the carrier 
particles are freed from the edge portion, which might 
otherwise be found in the carrier particles of the prior 
art, in accordance with the rise in their resistance and 
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accordingly from any concentration of the electric ?eld 

14 
at the edge portion so that a high bias voltage, even if 
applied to the developing sleeve, will neither discharge 
the surface of the image retainer to disturb the electro 
static latent image nor break down. This capability of 
applying that high bias voltage means that the following 
effects can be suf?ciently exhibited in case the phenom 
ena under the vibratory electric ?eld in the preferred 
mode of the present invention are effected by applying 
the vibratory bias voltage. The carrier particles having 
the effects thus far described may use the wax, as has 
been described above, but may preferably use the afore 
mentioned resins from the standpoint of the durability 
of the carrier and more preferably use the insulating 
magnetic carrier particles having a resistivity not lower 
than 103 Qcm, especially not lower than 1013 Qcm. The 
resistivity is a value which is obtained by tapping the 
particles in a container having a sectional area of 0.50 
cmz, by applying a load of l kg/cm2 to the tapped parti 
cles, and by reading out a current value when a voltage 
to establish an electric ?eld of 1,000 V/cm is applied 
between an electrode acting as a loading member and a 
bottom electrode. If that resistivity is low, there arise a 
problem that charges are implanted into the carrier 
particles to make it liable for the carrier particles to 
stick to the surface of the image retainer or that the bias 
voltage becomes liable to break down, even in case the 
bias voltage is applied to the developing sleeve. 

Synthesizing the discussions thus far made, the mag 
netic carrier particles are properly conditioned at least 
such that they are rounded to have a longer-to-shorter 
axis ratio less than 3, such that they have no projections 
such as styluses or edge portions, and such that they 
have a resistivity not smaller than 108 Gem, preferably 
10‘3 .Qcm. Moreover, these magnetic carrier particles 
are prepared: by selecting magnetic particles as round 
as possible and by coating them with a resin for the 
round magnetic particles or the resin-coated made 
highly resistive; and by either rounding the magnetic 
?ne particles selected, if possible, after the formation of 
dispersed resin particles or forming the dispersed resin 
particles by the spray dry method for the carriers con 
taining the magnetic ?ne particles dispersed therein. 

Next, the toner will be described in the following. As 
the average particle diameter of the toner particles of 
the two-component developer becomes smaller, gener 
ally speaking, the amount of charge is reduced qualita 
tively in proportion to the square of the particle diame 
ter whereas the sticking force such as the van der Waals 
force is relatively increased, so that the toner particles 
become reluctant to leave the carrier particles. Once the 
toner particles stick to the non-image portion of the 
surface of the image retainer, moreover, they are not 
removed easily by the rubbing action using the mag 
netic brush of the prior art to invite the problem of fog. 
This problem becomes outstanding according to the 
magnetic brush developing method of the prior art 
when the average particle diameter of the toner parti 
cles is not larger than 10 um. According to the present 
invention, however, that problem is solved by conduct 
ing the developing using the developer, i.e., the so 
called “magnetic brush” in the vibratory electric ?eld. 
More speci?cally, the toner particles having sticked to 
the developer layer are made liable to leave the devel 
oper layer and to migrate to and from the image and 
non-image portions of the surface of the image retainer 
by the vibrations given electrically. Since the lowly 
charged toner particles are hardly allowed to migrate to 
the image and non-image portions and to be rubbed by 
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the surface of the image retainer moreover, they do not 
stick to the image retainer, even if they are frictiona'lly 
charged, so that they may be exempli?ed even by the 
toner particles having a particle diameter of about 1 pm. 
This makes it possible to form a clear toner image of 
excellent reproductivity, which is developed in high 
?delity from the electrostatic latent image. Since the 
vibratory electric ?eld weakens the coupling between 
the toner particles and the carrier particles, still more 
over, the sticking of the carrier particles to the image 
retainer surface following the toner particles is reduced. 
In the areas of the image and non-image portions, the 
toner particles having a large amount of charge vibrate 
under the vibratory electric ?eld, and the carrier parti 
cles also vibrate in dependence upon the intensity of the 
electric ?eld. As a result, the toner particles emigrate 
selectively to the image portion of the image retainer 
surface so that the sticking of the carrier particles to the 
image retainer surface is drastically reduced. 

If the average particle diameter of the toner is en 
larged, on the other hand, the image becomes promi 
nently coarse, as has been described hereinbefore. For 
the development having a resolution of ?ne lines ar 
rayed at a pitch of about 10 lines/mm, there ordinarily 
arises no practical problem with the toner having an 
average particle diameter of about 20 pm. If the toner 
made ?ne to have an average particle diameter not 
larger than 10 um, however, the resolution is drastically 
improved to provide a clear and high-quality image 
which succeeds in reproduce the density difference and 
so on in high ?delity. From the foregoing reasoning, the 
proper condition is that the toner particle diameter is 
not larger than 20 pm or preferably 10 pm on an aver 
age. For the toner particles to follow the electric ?eld, 
moreover, it is desired that the quantity of charge of the 
toner particles be more than 1 to 3 pc/ g (or preferably 
3 to 100 [.LC/ g). In case the particle diameter is especially 
small, a large quantity of charge is required. On the 
other hand, the resistivity may be not smaller than 108 
Qcm or preferably 1013 Gem. 

Moreover, the aforementioned toner can be prepared 
by the same manner as that of the toner of the prior art. 
Speci?cally, it is possible to use the toner which is pre' 
pared by selecting the nonmagnetic or magnetic toner 
particles of round of "un?xed shape in the toner of the 
prior art by average particle diameter selecting means. 
Of these, the toner particles are preferrably the mag 
netic particles containing the particles of a magnetic 
material, and especially the quantity of the magnetic 
?ne particles is preferably not to exceed 60 wt % and is 
preferred to be as small as 30 wt % so as to ensure the 
clearness of the color. In case the toner particles contain 
the magnetic particles, they are influenced by the mag 
netic force of the magnet contained in the developing 
sleeve so that the even formability of the magnetic 
brush is better improved to prevent the fog and to make 
the toner particles reluctant to disperse. If the content 
of the magnetic material is excessive, however, the 
magnetic force with the carrier particles becomes too 
strong to obtain a suf?cient developing density, and the 
magnetic particles come to appear on the surfaces of the 
toner particles to make the frictional charge control 
dif?cult and the toner particles liable to break and to 
aggregate with the carrier particles. 
Summing up the foregoing discussions, the toner 

preferred in the image forming apparatus of the present 
invention is composed of particles having an average 
particle diameter not larger than 20 pm or preferably 10 
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pm, which can be prepared according to a method 
similar to the toner particle preparing method known in 
the prior art by using a resin described in connection 
with the carrier and the ?ne particles of a magnetic 
material and by adding a coloring component such as 
carbon and a charge controlling agent, if necessary. 

In the image forming apparatus of the present inven 
tion, there is preferably used the developer in which the 
round carrier particles and toner particles described 
above are mixed at a ratio similar to that of the two 
component developer of the prior art. With the devel 
oper used in the present invention, if necessary, there 
are mixed a fluidizing agent for fluidizing the particles 
and a cleaning agent effective for cleaning the image 
retainer surface. The fluidizing agent can be exempli?ed 
by colloidal silica, silicon varnish, metallic soap or non 
ionic surface-active agent, and the cleaning agent can be 
exempli?ed by surface-active agent such as metallic salt 
of fatty acid, organic-radical substituted silicone or 
fluorine. - 

The foregoing is the condition for the developer, by 
which the turbidity of each color can be prevented. 
Next, the condition concerning the developing sleeve 
for developing the electrostatic image on the image 
retainer by forming a developing layer with that devel 
oper will be described in the following. 
The developing sleeve to be used may be similar to 

that used in the developing method of the prior art for 
applying the bias voltage but may preferably be con 
structed such that a rotary magnet having a plurality of 
magnetic poles is mounted in a sleeve formed with a 
developer layer on its surface. In this developing sleeve, 
the developer layer to be formed on the surface of the 
sleeve is moved in a meandering manner by the turns of 
the rotary magnet so that it is fed sequentially with a 
new developer whereby the influences of a more or less 
unevenness, if any, of the thickness of the developer 
layer on the sleeve surface- can be suf?ciently covered 
to raise no practical problem by the aforementioned 
meandering movements. Moreover, the carrying veloc 
ity of the developer by the turns of the rotary magnet or 
the sleeve is preferably equal to or faster then that of the 
image retainer. Still more over, the carrying directions 
by the turns of the rotary magnet and the sleeve are 
preferrably identical. This identical direction is superior 
in image reproduction to the case of the opposite direc 
tions, although not limitative thereto. 
On the other hand, the thickness of the developer 

layer to be formed on the developing sleeve is preferred 
such that the developer having sticked is suf?ciently 
scraped off to become an even layer by the thickness 
regulating blade, and the gap between the developing 
sleeve and the image retainer is preferably several tens 
to 2,000 pm. If the surface gap between the developing 
sleeve and the image retainer becomes far smaller than 
the several tens pm, it becomes dif?cult to form the 
heads of the magnetic brush which can exert an even 
developing action thereupon, and the toner particles 
cannot be supplied to the developing portion to fail to 
effect a stable development. If the gap far exceeds 2,000 
pm, on the other hand, the opposed electrode effect 
drops so much that a suf?cient developing density can 
not be attained. Thus, if the gap between the developing 
sleeve and the image retainer becomes excessive, the 
thickness of the developer layer on the developing 
sleeve cannot be made proper. Within a range of the gap 
of several tens to 2,000 pm, on the contrary, the devel 
oper layer can be formed to have a proper thickness. 














